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□ 23. Document ID: US 6677145 B2 
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□ 27. Document ID: US 6342657 Bl 

Ll: Entry 27 of 31 File: USPT Jan 29, 2002 
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US-PAT-NO: 5977436 

DOCUMENT- IDENTIFIER: US 5977436 A 

** See image for Certificate of Correction ** 

TITLE: Oleosin 5' regulatory region for the modification of plant seed lipid 
composition 



DATE- ISSUED: November 2, 1999 



INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Thomas; Terry L. College Station TX 

Li; Zhongsen College Station TX 
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Ll: Entry 2 3 of 31 
US-PAT-NO: 6677145 

DOCUMENT- IDENTIFIER: US 6677145 B2 
TITLE: Elongase genes and uses thereof 
DATE -IS SUED: January 13, 2 004 



File: USPT 



Jan 13, 2004 



INVENTOR- INFORMATION : 
NAME 

Muker j i ; Pradip 
Leonard; Amanda Eun-Yeong 
Huang; Yung-Sheng 
Pereira; Suzette L. 



CITY 

Gahanna 

Gahanna 

Upper Arlington 
Westerville 



STATE ZIP CODE 

OH 

OH 

OH 

OH 



COUNTRY 



US -CL- CURRENT: 435/193; 435 / 252 .31 , 435 / 252.33 , 435 / 254 .11 , 435 / 254.21 , 435 / 254,22 , 
435 / 254 .23 , 435 / 254.3 , 435 / 254.4 , 435 / 254.5 , 435 / 254.6 , 435 / 320.1 , 435/328, 
435/348, 435/419, 536 / 23 .2 



CLAIMS : 



What is claimed is: 

1. An isolated nucleic acid sequence comprising or complementary to a nucleic acid sequence 
encoding a polypeptide having elongase activity, wherein the amino acid sequence of said 
polypeptide has at least 80% amino acid sequence identity to SEQ ID NO:7. 

2. The isolated nucleic acid sequence of claim 1 wherein said sequence comprises SEQ ID NO:7. 

3. The isolated nucleic acid sequence of claims 1 or 2 wherein said sequence encodes a 
functionally active elongase which utilizes a polyunsaturated fatty acid as a substrate. 

4. The isolated nucleic acid sequence of claim 1 wherein said sequence is derived from the genus 
Thraustochytrium. 

5. The isolated nucleic acid sequence of claim 4 wherein said sequence is derived from 
Thraustochytrium aureum. 

6. A method of producing an elongase enzyme comprising the steps of: a) isolating a nucleotide 
sequence comprising SEQ ID NO:7 (FIG. 72); b) constructing a vector comprising: i) said isolated 
nucleotide sequence operably linked to ii) a promoter; c) introducing said vector into a host cell 
under time and conditions sufficient for expression of said elongase enzyme. 

7. The method of claim 6 wherein said host cell is selected from the group consisting of a 
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eukaryotic cell or a prokaryotic cell. 

8. The method of claim 7 wherein said prokaryotic cell is selected from the group consisting of E. 
coli, Cyanobacteria, and B. subtilis. 

9. The method of claim 7 wherein said eukaryotic cell is selected from the group consisting of a 
mammalian cell, an insect cell, a plant cell and a fungal cell. 

10. The method of claim 9 wherein said fungal cell is selected from the group consisting of 
Saccharomyces spp., Candida spp., Lipomyces starkey, Yarrowia spp., Kluyveromyces spp., 
Hansenula spp., Aspergillus spp., Penicillium spp., Neurospora spp., Trichoderma spp. and Pichia 
spp. 

1 1 . The method of claim 10 wherein said fungal cell is a yeast cell selected from the group 
consisting of Saccharomyces spp., Candida spp., Hansenula spp. and Pichia spp. 

12. The method of claim 1 1 wherein said yeast cell is Saccharomyces cerevisiae. 

13. A vector comprising: a) a nucleotide sequence comprising SEQ ID NO:7 (FIG. 72) operably 
linked to b) a promoter. 

14. A host cell comprising said vector of claim 13. 

15. The host cell of claim 14 wherein said host cell is selected from the group consisting of a 
eukaryotic cell or a prokaryotic cell. 

16. The host cell of claim 15 wherein said prokaryotic cell is selected from the group consisting of 
E. coli, Cyanobacteria, and B. subtilis. 

17. The host cell of claim 15 wherein said eukaryotic cell is selected from the group consisting of 
a mammalian cell, an insect cell, a plant cell and a fungal cell. 

18. The host cell of claim 17 wherein said fungal cell is selected from the group consisting of 
Saccharomyces spp., Candida spp., Lipomyces starkey, Yarrowia spp., Kluyveromyces spp., 
Hansenula spp., Aspergillus spp., Penicillium spp., Neurospora spp., Trichoderma spp. and Pichia 
spp. 

19. The host cell of claim 18 wherein said fungal cell is a yeast cell selected from the group 
consisting of Saccharomyces spp., Candida spp., Hansenula spp. and Pichia spp. 

20. The host cell of claim 19 wherein said yeast cell is Saccharomyces cerevisiae. 

21. A plant cell comprising said vector of claim 13, wherein expression of said nucleotide 
sequence of said vector results in production of a polyunsaturated fatty acid by said plant cell. 

22. The plant cell of claim 21 wherein said polyunsaturated fatty acid is selected from the group 
consisting of dihom-.gamma.-linolenic acid (DGLA), 20:4n-3, adrenic acid (ADA) and .omega.3- 
docosapentaenoic acid. 
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Ll: Entry 25 of 31 



File: USPT 



Aug 6, 2002 



US-PAT-NO: 6428990 

DOCUMENT- IDENTIFIER: US 642 8 990 Bl 

TITLE: Human desaturase gene and uses thereof 

DATE-ISSUED: August 6, 2002 



INVENTOR- INFORMATION : 
NAME 

Muker j i ; Pradip 
Leonard; Amanda Eun-Yeong 
Huang; Yung-Sheng 
Parker-Barnes; Jennifer M. 



CITY 
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Columbus 
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STATE 
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OH 



ZIP CODE 



COUNTRY 
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536 / 23.2 



CLAIMS : 



What is claimed is: 



1. A method for producing a polyunsaturated fatty acid comprising the steps of: a) isolating said 
nucleotide sequence represented by SEQ ID NO:l (FIG. 12); b) constructing a vector comprising 
said isolated nucleotide sequence; c) introducing said vector into a host cell under time and 
conditions sufficient for expression of said human .DELTA. 5 -desaturase enzyme; and d) exposing 
said expressed human .DELTA.S-desaturase enzyme to a substrate polyunsaturated fatty acid in 
order to convert said substrate to a product polyunsaturated fatty acid. 



2. The method according to claim 1, wherein said substrate polyunsaturated fatty acid is dihomo- 
.gamma.-linolenic acid (DGLA) or 20:4n-3 and said product polyunsaturated fatty acid is 
arachidonic acid (AA) or eicosapentaenoic acid (EPA), respectively. 



3. The method according to claim 1 further comprising the step of exposing said product 
polyunsaturated fatty acid to an elongase in order to convert said product polyunsaturated fatty 
acid to another polyunsaturated fatty acid. 



4. The method according to claim 3 wherein said product polyunsaturated fatty acid is AA or EPA 
and said another polyunsaturated fatty acid is adrenic acid or (n-3)-docosapentaenoic acid, 
respectively. 



5. The method of claim 3 further comprising the steps of exposing said another polyunsaturated 
fatty acid to an additional desaturase in order to convert said another polyunsaturated fatty acid to 
a final polyunsaturated fatty acid. 
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AB The subject invention relates to the identification of several genes 

involved in the elongation of polyunsatd. acids (i.e., "elongases") and to 

uses thereof. At least two of these genes are also involved in the 

elongation of monounsatd. fatty acids. In particular, elongase 

is utilized in the conversion of .gamma . -linolenic acid (GLA) to 

dihomo- .gamma. -linolenic acid (DGLA) and in the conversion of arachidonic 

acid to adrenic acid (ADA) , or eicosapentaenoic acid (EPA) to 

. omega.3-docosapentaenoic acid (DPA) . DGLA may be utilized in the prodn. 

of polyunsatd. fatty acids, such as arachidonic acid (AA) , docosahexaenoic 

acid (DHA) , EPA, adrenic acid, . omega . 6-docosapentaenoic acid or 

,omega.3-docosapentaenoic acid which may be added to pharmaceutical 

compns., nutritional compns . , animal feeds, as well as other products such 

as cosmetics. Cloning of the fatty acid elongase gene of 

Mortierella alpina by PCR using primers derived from conserved sequences 

of the enzyme and adjusted for M. alpina codon usage is demonstrated. 

Expression of the elongase gene in combination with a 

.DELTA. 5-desaturase gene in Saccharomyces cerevisiae resulted in the 

appearance of arachidonic acid. The S. cerevisiae fatty acid 

elongase was unable to convert . gamma . -linolenic acid to 

dihomo- .gamma. -linolenic acid, although the M. alpina enzyme did so 

efficiently. Cloning of a cDNA for a fatty acid elongase of 

Pavlova is also demonstrated. 
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35115-35126 
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PUBLISHER: American Society for Biochemistry and Molecular 
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DOCUMENT TYPE: Journal 
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AB The health benefits attributed to very long-chain polyunsatd. fatty acids 
and the long term goal to produce them in transgenic oilseed crops have 
led to the cloning of all the genes coding for the desaturases and 
elongases involved in their biosynthesis. The encoded activities have 
been confirmed in vivo by heterologous expression, but very little is 
known about the actual acyl substrates involved in these pathways. Using 
a .DELTA. 6 -elongase and front-end desaturases from different 
organisms, we have reconstituted in Saccharomyces cerevisiae the 
biosynthesis of arachidonic acid from exogenously supplied linoleic acid 
in order to identify these acyl carriers. Acyl-CoA measurements strongly 
suggest that the elongation step involved in polyunsatd. fatty acids 
biosynthesis is taking place within the acyl-CoA pool. In contrast, 
detailed analyses of lipids revealed that the two desatn. steps (.DELTA. 5 
and .DELTA. 6) occur predominantly at the sn-2 position of 
phosphatidylcholine when using .DELTA. 5- and .DELTA. 6 -desaturases from 
lower plants, fungi, worms, and algae. The specificity of these 
.DELTA. 6-desaturases for the fatty acid acylated at this particular 
position as well as a limiting re-equilibration with the acyl-CoA pool 



result in the accumulation of . gamma . -linolenic acid at the sn-2 position 
of phosphatidylcholine and prevent efficient arachidonic acid biosynthesis 
in yeast. We confirm by using a similar exptl . approach that, in 
contrast, the human . DELTA. 6 -desaturase uses linoleoyl-CoA as substrate, 
which results in high efficiency of the subsequent elongation step. In 
addn., we report that . DELTA. 12 -desaturases have no specificity toward the 
lipid polar headgroup or the sn-position. 
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TITLE: Suppression of the ELO-2 FA elongation activity 

results in alterations of the fatty acid composition 
and multiple physiological defects, including abnormal 
ultradian rhythms, in Caenorhabditis 
elegans 

Kniazeva, Marina; Sieber, Matt; McCauley, Scott; 
Zhang, Kang; Watts, Jennifer L.; Han, Min 
Howard Hughes Medical Institute and Department of 
Molecular, Cellular, and Developmental Biology, 
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Genetics (2003), 163(1), 159-169 
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Journal 
English 

We use C. elegans to study fatty acid (FA) elongation activities and 
assocd. abnormal phenotypes. In this article we report that the predicted 
C. elegans Fl 1E6.5/ELO-2 is a functional enzyme with the FA elongation 
activity. It is responsible for the elongation of palmitic acid and is 
involved in PUFA biosynthesis. RNAi -mediated suppression of ELO-2 causes 
an accumulation of palmitate and an assocd. decrease in the PUFA fraction 
in triacylglycerides and phospholipid classes. This imbalance in the FA 
compn. results in multiple phenotypic defects such as slow growth, small 
body size, reproductive defects, and changes in rhythmic behavior. ELO-2 
cooperates with the previously reported ELO-1 in 20-carbon PUFA prodn., 
and .gtoreq.l of the enzymes must function to provide normal growth and 
development in C. elegans. The presented data indicate that suppression 
of a single enzyme of the FA elongation machinery is enough to affect 
various organs and systems in worms. This effect resembles syndromic 
disorders in humans. 
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AB The long-chain fatty acid elongase and cDNA of Thraustochytrium 
aureum is disclosed. The elongase may be used in the conversion 
of .gamma. -linolenic acid (GLA) to dihomo- . gamma . -linolenic acid (DGLA) , 
of arachidonic acid (AA) to adrenic acid (ADA) , or eicosapentaenoic acid 
(EPA) to .omega. 3 -docosapentaenoic acid (DPA) . DGLA may be utilized in 
the prodn. of polyunsatd. fatty acids, such as AA, docosahexaenoic acid 
(DHA) , EPA, adrenic acid, . omega . 6 -docosapentaenoic acid or 
.omega. 3 -docosapentaenoic acid which may be added to pharmaceutical 
compns . , nutritional compns . , animal feeds, as well as other products such 
as cosmetics . 
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A Saccharomyces cerevisiae gene required for heterologous 
fatty acid elongase activity encodes a microsomal 
beta-keto-reductase . 

Beaudoin Frederic; Gable Ken; Sayanova Olga; Dunn Teresa; 
Napier Johnathan A 
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Station, Long Ashton, Bristol BS41 9AF, United Kingdom. 
Journal of biological chemistry, (2002 Mar 29) 277 (13) 
11481-8. 
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Priority Journals 
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Last Updated on STN: 20030105 
Entered Medline: 20020510 
A number of Saccharomyces cerevisiae membrane -bound oxidoreductases were 
examined for potential roles in microsomal fatty acid elongation, by 
assaying heterologous elongating activities in individual deletion 
mutants. One yeast gene, YBR159w, was identified as being required for 
activity of both the Caenorhabditis elegans 
elongase PEA1 (F56H11.4) and the Arabidopsis thaliana 
elongase FAE1 . Ybrl59p shows some limited homology to human 
steroid dehydrogenases and is a member of the short-chain alcohol 
dehydrogenase superfamily. Disruption of YBR159w is not lethal, in 
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SOURCE : 
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DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
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AB 



contrast to previous reports, although the mutants are slow growing and 
display high temperature sensitivity. Both Ybrl59p and an Arabidopsis 
homologue were shown to restore heterologous elongase activities 
when expressed in ybrl59Delta mutants. Biochemical characterization of 
microsomal preparations from ybrl59Delta cells revealed a primary 
perturbation in beta-ketoacyl reduction, confirming the assignment of 
YBR159w as encoding a component of the microsomal elongase. 
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2002245739 MEDLINE 
PubMed ID: 11972048 

Genetic dissection of polyunsaturated fatty acid synthesis 
in Caenorhabditis elegans . 
Watts Jennifer L; Browse John 

Institute of Biological Chemistry, Washington State 
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Polyunsaturated fatty acids (PUFAs) are important membrane components and 
precursors of signaling molecules. To investigate the roles of these 
fatty acids in growth, development, and neurological function in an animal 
system, we isolated Caenorhabditis elegans mutants 

deficient in PUFA synthesis by direct analysis of fatty acid composition. 
C. elegans possesses all the desaturase and elongase activities 
to synthesize arachidonic acid and eicosapentaenoic acid from saturated 
fatty acid precursors. In our screen we identified mutants with defects 
in each fatty acid desaturation and elongation step of the PUFA 
biosynthetic pathway. The fatty acid compositions of the mutants reveal 
the substrate preferences of the desaturase and elongase enzymes 
and clearly demarcate the steps of this pathway. The mutants show that C. 
elegans does not require n3 or Deltas -unsaturated PUFAs for normal 
development under laboratory conditions. However, mutants with more 
severe PUFA deficiencies display growth and neurological defects. The 
mutants provide tools for investigating the roles of PUFAs in membrane 
biology and cell function in this animal model. 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Phacodactylum tricornutum is an unicellular silica-less diatom in which 

eicosapentaenoic acid accumulates up to 30% of the total fatty acids. This 
marine diatom was used for cloning genes encoding fatty acid desaturases 
involved in eicosapentaenoic acid biosynthesis. Using a combination of 
PCR, mass sequencing and library screening, the coding sequences of two 
desaturases were identified. Both protein sequences contained a cytochrome 
b(5) domain fused to the N-terminus and the three histidine clusters 
common to all front-end fatty acid desaturases. The full length clones 
were expressed in Saccharomyces cerevisiae and characterized as Deltas - 
and Delta6-fatty acid desaturases. The substrate specificity of each 
enzyme was determined and confirmed their involvement in eicosapentaenoic 
acid biosynthesis. Using both desaturases in combination with the 
Delta6-specif ic elongase from Physcomitrella patens, the 
biosynthetic pathways of arachidonic and eicosapentaenoic acid were 
reconstituted in yeast. These reconstitutions indicated that these two 
desaturases functioned in the omega3- and omega6 -pathways , in good 
agreement with both routes coexisting in Phaeodactylum tricornutum. 
Interestingly, when the substrate selectivity of each enzyme was 
determined, both desaturases converted the omega3- and omega6- fatty acids 
with similar efficiencies, indicating that none of them was specific for 
either the omega3- or the omega6 -pathway . To our knowledge, this is the 
first report describing the isolation and biochemical characterization of 
fatty acid desaturases from diatoms. 
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AB The biosynthetic pathway for polyunsaturated fatty acids in the model 
animal Caenorhabditis elegans was examined in the 

context of the completed genome sequence. The genomic organization and 
location of seven desaturase genes and one elongase activity, 
all previously identified by functional characterization, were elucidated. 
A pathway for the biosynthesis of polyunsaturated fatty acids in C. 
elegans was proposed based on these genes. The role of gene duplication 
in enzyme evolution and proliferation is discussed. 
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This invention relates to cDNA sequences encoding polysatd. fatty acid 
{PUFA) elongase from Caenorhabditis elegans, 
and applications for the PUFA elongase. A method of 

synthesizing di -homo- . gamma . -linolenic acid from . gamma . -linolenic acid 
catalyzed by the PUFA elongase is reported. This invention 
relates also to expression of the recombinant PUFA elongase of 
C. elegans in yeast. The invention provides also a method of producing 
either arachidonic acid or eicosapentanoic acid in yeast from dienoic or 
trienoic 18 carbon substrates via expression of .DELTA. 5 -fatty acid 
desaturases and PUFA elongase simultaneously. The invention 
further relates to the uses of PUFA elongase in producing a 
foodstuff, dietary supplement and pharmaceutical prepn. contg. a 
polyunsatd. fatty acid. 
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AB The subject invention relates to the identification of four genes involved 
in the elongation of polyunsatd. acids (i.e., "elongases " ) and to uses 
thereof. Two of these genes are also involved in the elongation of 
monounsatd. fatty acids. Thus, cDNA nucleotide and deduced amino acid 
sequences are provided for 2 elongases from Mortierella alpina, 1 
elongase from human, and an elongase from 
Caenorhabditis elegans . In particular, the elongases 
are utilized in the conversion of .gamma. -linolenic acid (GLA) to 
dihomo- .gamma . -lino lenic acid (DGLA) and in the conversion of DGLA or 
20:4n-3 to eicosapentaenoic acid (EPA) . DGLA may be utilized in the 
prodn. of polyunsatd. fatty acids, such as arachidonic acid (AA) , 
docosahexaenoic acid (DHA) , EPA, adrenic acid, . omega . 6-docosapentaenoic 
acid or . omega . 3 -docosapentaenoic acid which may be added to 
pharmaceutical compns . , nutritional compns . , animal feeds, as well as 
other products such as cosmetics. 
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AB A Caenorhabditis elegans ORF encoding the presumptive 

condensing enzyme activity of a fatty acid elongase has been 
characterized functionally by heterologous expression in yeast. This ORF 
(F56H11. 4) shows low similarity to Saccharomyces cerevisiae genes 
involved in fatty acid elongation. The substrate specificity of the C. 
elegans enzyme indicated a preference for Delta (6) -desaturated C18 
polyunsaturated fatty acids. Coexpression of this activity with fatty 
acid desaturases required for the synthesis of C2 0 polyunsaturated fatty 
acids resulted in the accumulation of arachidonic acid from linoleic acid 
and eicosapentaenoic acid from alpha-linolenic acid. These results 
demonstrate the reconstitution of the n-3 and n-6 polyunsaturated fatty 
acid biosynthetic pathways. The C. elegans ORF is likely to interact with 
endogenous components of a yeast elongation system, with the heterologous 
nematode condensing enzyme F56H11.4 causing a redirection of enzymatic 



activity toward polyunsaturated C18 fatty acid substrates. 
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Using a combination of database-mining and functional characterization, we 
have identified a component of the polyunsaturated fatty acid (PUFA) 
elongase. Co-expression of this elongating activity with fatty 
acid desaturases has allowed us to heterologously reconstitute the PUFA 
biosynthetic pathway. Both these enzymes (desaturases and 
elongase components) have undergone gene -duplication events which 
provide a paradigm for the diverged nature of PUFA biosynthetic 
activities . 
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In order to elucidate the biosynthesis of long-chain polyunsaturated 
fatty acids (PUFAs) in plants we searched for a cDNA encoding a Delta 

(6) -specific PUFA elongase from Physcomitrella patens, which is 
known to contain high proportions of arachidonic acid (20:4 Delta 

(5,8,11,14)). A, EST done from P. patens was identified by its low 
homology to the yeast gene EL01, which is required for the elongation of 
medium-chain fatty acids. We functionally characterized this cDNA by 
heterologous expression in Saccharomyces cerevisiae grown in the presence 
of several fatty acids. Analysis of the fatty acid profile of the 
transgenic yeast revealed that the cDNA encodes a protein that leads to 
the elongation of the C-18 Delta (6) -polyunsaturated fatty acids gamma 
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-linolenic acid (18:3 Delta (6,9,12)) and stearidonic acid (18:4 Delta 
(6,9,12,15)), which were recovered to 45-51 % as their elongation 
products. In contrast, linoleic and a-linolenic acids were hardly 
elongated and we could not measure any elongation of saturated and 
mono-unsaturated fatty acids (including 18:1 Delta (6)), indicating that 
the elongase is highly specific for the polyunsaturated nature 
of the fatty acid acting as substrate. 
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